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Abstract 
Eutrophication in lakes and reservoirs occurs all over the world and has attracted wide attention in recent years. MIKE21, a 
numerical model focusing on eutrophication in lakes and reservoirs, was used to construct a two-dimensional eutrophication model. 
Douhe Reservoir in North China was used for the study. A hypothetical case study was applied in order to simulate a situation in 
which variables like air temperature, transferred water volume, or exogenous pollutant load might reach extreme values. A 
“Comprehensive nutrition state index” was used to evaluate the reservoir eutrophication level in different scenarios. The causes and 
trend of eutrophication were found, which could be a reference for eutrophication prevention and control. The main conclusions are 
that: (1) the warm-water emission from the power plant is the main reason for the rise in water temperature in Douhe Reservoir, 
which has a not negligible effect on eutrophication; (2) changes in outside temperature and reservoir storage capacity have just a 
small impact on a eutrophication trend; an increase in exogenous load can rapidly escalate eutrophication in Douhe Reservoir; (3) 
higher water temperature and higher TN/TP ratio lead to a lower Chlorophyll a concentration in water bodies of a nearby warm-
water discharging spot than in the other two monitored areas. 
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1. Introduction 
In recent decades, with rapid economic development and population growth, one side effect is an increasing 
tendency toward the eutrophication phenomenon in some bodies of water [1]. This is now one of the most prevalent 
global problems of the era. It is a process by which lakes, rivers, and coastal waters show a drastic increase in the 
severity and frequency of algae blooms as a result of an increased input of plant nutrients, mainly nitrogen (N) and 
phosphorus (P), as a result of human activity. 
Eutrophication has caused a variety of impacts [2], such as high levels of chlorophyll a, occurrences of anoxia and 
hypoxia [3], harmful algal blooms [4], losses of submerged aquatic vegetation, and often leads to a reduction in the 
supply of ecosystem services. 
Potential consequences of eutrophication range from nuisances to serious human health threats. Hypoxia or anoxia 
may lead to the death of a large number of fish and other water organisms [5]. Algal toxins are a threat if ingested by 
fish or other water organisms. Finally, eutrophication can lead to water quality deterioration. 
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A recent issue of The Water Wheel (Water Research Commission, South Africa, 2008) reported that 54% of the 
lakes or reservoirs in Asia are impaired by eutrophication; in Europe the number is 53%; in North America 48%; in 
South America 41%; and in Africa 28%. This impact of eutrophication on lakes and reservoirs has attracted attention 
all over the world. 
So far, many models have been developed to explore the cause/effect relationship between eutrophication and 
nutrients [6-8]. Also, a range of theoretical models have been developed to identify optimum eutrophication control 
strategies [9, 10]. 
In China, in recent years many researchers have studied the eutrophication mechanism and developed 
eutrophication models. Mao JQ et al. developed a three-dimensional eutrophication model and applied it to Taihu Lake, 
finding that wind-induced circulation and sediment distribution played an important role in the spatial distribution of 
the algae blooms in Taihu Lake [11]. He GJ et al. developed a numerical model based on the environmental fluid 
dynamics code (EFDC) framework and simulated three phytoplankton species as a management step to restoring the 
water quality of Guanting Reservoir [12]. Wang XD et al. incorporated effects of zooplankton on nutrition and DO into 
a water quality analysis simulation program (WASP) eutrophication model formerly developed by USEPA, so as to 
describe the lake eutrophication process more comprehensively [13]. 
Among the numerical models focusing on eutrophication in lakes and reservoirs, the MIKE21 model, which was 
developed by Danish Hydraulic Institute (DHI), has been widely used in domestic and overseas research [14, 15]. This 
research used the MIKE21 model to construct a two-dimensional eutrophication model and used Douhe Reservoir, in 
North China, which is strongly influenced by power plant thermal discharge, for the study. A hypothetical case study 
was applied, aimed at simulating situations in which some variables, like air temperature, transferred water volume, 
and exogenous pollutant load might reach extreme levels. The objective of this study was to demonstrate the 
application of the MIKE 21 model to the eutrophication of lakes, forecast the shallow reservoir eutrophication status in 
different situations, analyze possible causes and eutrophication trends, and provide a reference for water management 
and eutrophication prevention and control. 
2. Study area 
Douhe Reservoir, which lies northeast of Tangshan City, Hebei Province, is a typical shallow reservoir in North 
China. It is located in the range of 118°16′ ~ 118°19′E and 39°44′ ~ 39°46′N. It was built and put into operation in 
1956. It is a large water conservancy hub project with a total designed capacity of 5.12 billion m3, which is mainly 
used for flood control but also for industrial and water for life demands in the downtown area and for industrial and 
agricultural production water demands downstream. 
For historical reasons, there is still a heat-engine plant near the reservoir. The plant uses the reservoir as a cooling 
pool, with an average annual circulating water capacity of 11.4 million m3 (2001 to 2007 statistics). The circulating 
water temperature rises about 5 to 9 ℃. When the cooling water returns to the reservoir with low water capacity and 
depth, the water temperature rise in the reservoir is extremely significant. So the eutrophication level of Douhe 
Reservoir is not only closely related to enriched nutrients, water flow condition, illumination, and temperature 
conditions, but also related to thermal discharge. A rise in water temperature aggravates biological residue 
decomposition by fungi and speeds up the decomposition of the organic nitrogen and phosphorus, and so the inorganic 
salt concentration rises, there are more nutrients for algal growth and reproduction, which in turn promote algae bloom 
[16, 17]. 
In recent years, as well, with the development of the peripheral economy, non-point nutrient input increased 
gradually. All of these factors have resulted in a serious eutrophication problem. From 2007 to 2009, small-scale water 
algal bloom occurred for three consecutive years, and this had an adverse effect on the water environment and has been 
of enormous harm to the safety of the drinking water. 
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Fig.1. Study area 
According to the water quality monitoring data of the study area in 2008 and 2009, the concentration range of TN 
and TP was 0.46 to 3.93 mg/L and 0.01 to 0.07 mg/L, respectively; the TN/TP ratio was between 37 and 271. Based on 
the "Evaluation classification standard for Chinese reservoir eutrophication" put forward by Huang WY et al. [18], and 
on Redfield law, the eutrophication level in the study area was light eutropher or eutropher, and phosphorus was the 
limiting factor. 
3. Methods 
3.1 MIKE21 model 
3.1.1 Model description 
The study area is a shallow reservoir with an average depth of around 3m, with no obvious stratified phenomena, so 
the hydrodynamic module (MIKE21 HD) in MIKE21 Flow Model was used to construct a two-dimensional numerical 
model for the hydrodynamic research, which focused on the simulation of water flow and water level in one-layer 
fluids. 
MIKE21 uses the following equations, the conservation of mass and momentum integrated over the vertical, to 
describe the flow and water level variations: 
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The following symbols are used in the equations: 
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h(x, y, t)- water depth(m); (x, y, t)- surface elevation(m); p, q(x, y, t)- flux densities in x- and y- directions(m3/s/m); 
C(x, y)- Chezy resistance(m1/2/s); g- acceleration due to gravity(m/s2); f(V)- wind friction factor; V, Vx, Vy- wind 
speed and components in x- and y-directions(m/s); (x, y)- Coriolis parameter, latitude dependent(s-1); Pa(x, y, t)- 
atmospheric pressure(kg/m/s2); w- density of water (kg/m3); x, y- space coordinates(m); t- time(s); xx, xy, yy-
components of effective shear stress. 
ECO Lab was selected as the eutrophication module, and “Eutrophication Model 1” temple, which specifically 
targets lake eutrophication simulation was used. This module includes mainly 12 water quality state variables, 
including Phytoplankton carbon(PC), Phytoplankton nitrogen(PN), Phytoplankton phosphorus(PP), Chlorophyll-a(CH), 
Zooplankton(ZC), Detritus carbon(DC), Detritus nitrogen(DN), Detritus phosphorus(DP), Inorganic nitrogen(IN), 
Inorganic phosphorus(IP), Dissolved oxygen(DO) and Benthic vegetation carbon(BC). The material circulation 
process is illustrated in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Simplified flow diagram of the fluxes of carbon, nitrogen, and phosphorus in the eutrophication model 
3.1.2 Model domain and bathymetry 
1:10 000 reservoir topographic map (image format) was taken as the data source, and .xyz file was obtained by 
means of quantization and rasterization based on the software MapInfo and ArcGIS. Douhe Reservoir calculation mesh 
was established by Mesh Generator (Fig.3. (a)), then the topographic map was obtained through terrain interpolation 
(Fig.3. (b)). In order to improve the accuracy of the simulation, triangular mesh was used as calculation mesh, and 
mesh density was increased near the warm-water discharging spot. Finally, the domain of the region was divided into 
2,422 grids. 
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(a)                                                                                         (b) 
Fig.3. (a) The computing grid of the study area (grid encryption near the outfall); (b) the terrain and position schematic of model boundaries and 
terms of source and sink 
3.1.3 Boundary and boundary conditions 
Model boundaries, source items, and sink items were set according to the peripheral condition of the reservoir. 
There were three boundaries (eastern, western, and southern boundary), two sink items (water intake 1 and 2), and one 
point source item (warm-water discharging spot) in total. 
Measured flow data was used as the boundary condition, while historical flow data as the input condition of water 
intake and the warm-water discharging spot. Water temperature and water quality input were all from historical 
monitoring data. 
Day-by-day meteorological data like temperature, wind velocity, and relative humidity were from a China 
meteorological data sharing service system. The model did not take the evaporation influence into consideration, given 
a lack of evaporation data. 
3.1.4 Calibration and validation 
Water level, water temperature, TN, and TP in the reservoir center were derived from measured data from June 1, 
2008, to October 31, 2008, and used for the calibration of the model. June 1, 2009, to October 31, 2009, was selected 
as the model validation period. The validation point was the reservoir center. The model was run at a daily time step. 
The calibration results of some model parameters are shown in Table 1, the rest of the parameters are referred to 
related literature [19, 20] or model-recommended values. Square correlation coefficient (R2) [21] and Nash - Sutcliffe 
efficiency coefficient (ENS) [22] were used to evaluate the model accuracy. The calculation formula of Nash - Sutcliffe 
efficiency coefficient is as follows: 
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Where Y is observed value, Ys is simulated value, Y  is mean observed values, and n is the number of simulated 
values. R2 is between 0 and 1, and high value represents a good simulation result. The value of ENS is between -∞ and 
1, and low values represent bad simulation results. 
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Judging from the comparison between observed values and simulated values (Fig.4-Fig.7) and the value of R2 and 
ENS, good simulation results were achieved, the model can accurately reflect the tendencies of water temperature and 
water quality in the study area. 
Tab.1. Calibrated parameter values 
Parameters Variation range Calibration result 
Resistance 0.03~0.05 0.04 
Smagorinsky coefficient 0.1~0.5 0.3 
Wind coefficient in Dalton’s law 0.1~1.0 0.5 
Constant in Dalton’s law 0.1-1.0 0.5 
Manning number 27-31 28.5 
Wind friction 0.0010-0.0015 0.0013 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. (a) Calibration results for water level; (b) validation results for water level 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. (a) Calibration results for water temperature; (b) validation results for water temperature 
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Fig.6. (a) Calibration results for TN; (b) validation results for TN 
 
 
 
 
 
 
 
 
 
 
 
 
  
 Fig.7. (a) Calibration results for TP; (b) validation results for TP 
 Tab.2. Results of calibration and validation of the model 
 
 
 
 
 
 
 
3.1.5 Scenario settings 
The primary purpose of applying the eutrophication model to Douhe Reservoir was to provide an analysis of 
potential scenarios and to forecast the eutrophication trend of Douhe Reservoir. 
The eutrophication status of Douhe Reservoir is mainly related to a warm-water temperature rise, warm-water 
discharge, air temperature, water level (capacity of reservoir), and exogenous pollutant load. Warm-water temperature 
rise and warm-water discharge are determined by the working condition of the nearby power plant, so these two 
influencing factors are basically stable. As a large water conservancy hub project for flood control and water supply, 
Douhe Reservoir has to maintain normal operations by transferring water from other basins due to rainfall decrease in 
recent years, so the water level is greatly influenced by the volume of water transferred. 
Simulations were carried out for four scenarios (Tab.3). Simulation periods were all from June to October, when 
algal bloom is likely to occur. The four scenarios all assumed that water demand would be unchanged, and air 
 Index R2 ENS 
Calibration 
Water level 0.97 0.93 
Water temperature 0.95 0.89 
TN 0.47 0.27 
TP 0.88 0.75 
Validation 
Water level 0.94 0.80 
Water temperature 0.92 0.85 
TN 0.58 0.54 
TP 0.74 0.72 
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temperature, transferred water volume, and exogenous pollutant load were taken as variables. The study mainly 
focused on situations when these variables might reach extreme values. In the simulation, the initial water level was set 
at 32m, while water temperature was 25℃, and rise in warm-water temperature in the discharging spot was set at 
9℃.To ensure the consistency of different scenarios, rainfall and evaporation were not taken into consideration. 
Meanwhile, total reservoir discharge volume in the four scenarios was the same as the volume in 2008. 
Tab.3. External conditions of different scenarios 
Item Air temperature Transferred water volume Exogenous pollutant load 
Normal year as normal year as normal year as normal year 
Scenario 1 as normal year minimum volume as normal year 
Scenario 2 as extreme year as normal year as normal year 
Scenario 3 as normal year as normal year twice  normal year 
Note: according to the historical air temperature data of Douhe Reservoir, the average air temperature in 1975 was 12.4℃, which was the highest 
average air temperature for 30 years, so this year was chosen to represent the air temperature extreme year; 1974 was chosen to represent the air 
temperature normal year, when the average air temperature was 11.1℃. Limited by the water requirement of Douhe Power Plant, 80% of transferred 
water volume was taken as minimum volume. 2008 was selected as the normal year for exogenous pollutant load and transferred water volume. 
3.2 Comprehensive nutrition state index 
In order to comprehensively understand water quality and the eutrophication level in Douhe Reservoir, the 
“Comprehensive nutrition state index” put forward by Jin XC was used to evaluate the reservoir eutrophication level in 
different scenarios. 
The Comprehensive nutrition state index (TLI) is given as: 
 
 
1
( )
m
j
j
TLI W TLI j

                                                                                                   (5) 
Where TLI is the comprehensive nutrition state index, TLI (j) is the single eutrophication index for one parameter, 
and Wj is the relative weight of the single eutrophication index for the parameter j. 
Chlorophyll a (Chla) was taken as the normal parameter, and the relative weight for the parameter j is: 
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Where rij is the correlation coefficient for parameter j to the normal parameter, and m is the total number of 
parameters. 
In Chinese lakes and reservoirs, the correlation coefficient for Chla to other parameters is presented as follows: 
Tab.4. The correlation coefficient for Chla to other parameters in Chinese lakes (reservoirs) 
Parameter Chla TP TN SD CODMn 
rij 1 0.84 0.82 -0.83 0.83 
rij2 1 0.7056 0.6724 0.6889 0.6889 
 
Note: The correlation coefficient was taken from "Chinese lake environment," and rij in the table is from calculation survey results of Chinese 26 
main lakes. 
The computational formula for each eutrophication index is： 
 
TLI (Chla) =10(2.5+1.086lnChla)                                                                                                                 (7) 
TLI (TP) =10(9.436+1.624lnTP)                                                                                      (8) 
TLI (TN) =10(5.453+1.694lnTN)                                                                                                                  (9) 
TLI (SD) =10(5.118-1.94lnSD)                                                                                                                      (10) 
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TLI (CODMn) =10(0.109+2.661lnCOD)                                                                                                        (11) 
Where the unit for Chla is mg/m3, and other units are all mg/L. 
A series of 0 ~ 100 consecutive numbers is adopted for the grading of the eutrophication level: 
        TLI ()  30              Oligotropher 
        30  TLI ()  50      Mesotropher 
        TLI () >50               Eutropher 
        50  TLI ()  60      Light eutropher 
        60  TLI ()  70      Middle eutropher 
        TLI () >70               Hyper eutropher 
By combining obtained data and model characteristics, this paper selected Chla, TP, and TN as eutrophication 
evaluation indices based on the principle of correlation, operability, simplicity, and scientific validity. Three 
monitoring points (water intake 1, reservoir center, and warm-water discharging spot) were selected for analysis. 
4. Results and discussions 
4.1 Eutrophication level in a normal year 
Tab.5. Eutrophication state and water quality in monitoring points from June to October in a normal year 
Month  Monitoring point 
Chla 
(mg/m3) 
TN 
(mg/L) 
TP 
(mg/L) 
T 
(℃) 
TN/TP ratio TLI Eutrophication type 
June 
water intake 1 20.02  2.62 0.034 29.00 77.06  49.55  Mesotropher 
reservoir center 19.9 2.21 0.034 27.50 65.00  49.28  Mesotropher 
warm-water 
discharging spot 16.16 3.45 0.011 34.06 313.64  46.94  Mesotropher 
July 
water intake 1 22.79  2.21 0.043 33.10 51.40  50.11  Light eutropher 
reservoir center 21.12 1.93 0.041 31.14 47.07  49.63  Mesotropher 
warm-water 
discharging spot 17.55 2.86 0.019 36.75 150.53  48.07  Mesotropher 
August 
water intake 1 22.98  2.17 0.046 33.25 47.17  50.26  Light eutropher 
reservoir center 21.59 1.9 0.046 31.42 41.30  49.91  Mesotropher 
warm-water 
discharging spot 17.41 2.75 0.021 36.79 130.95  48.22  Mesotropher 
September 
water intake 1 23.66  2.21 0.047 29.01 47.02  50.40  Light eutropher 
reservoir center 22.29 1.92 0.049 26.78 39.18  50.14  Light eutropher 
warm-water 
discharging spot 18.22 2.7 0.026 31.92 103.85  48.78  Mesotropher 
October 
water intake 1 23.18  2.32 0.042 20.57 55.24  50.27  Light eutropher 
reservoir center 22.07 2.12 0.043 18.89 49.30  49.98  Mesotropher 
warm-water 
discharging spot 19.53 2.59 0.028 23.24 92.50  49.04  Mesotropher 
 
As can been seen from Table 5, in a normal year the water area near the warm-water discharging spot had the 
highest TN concentration but the lowest TP and Chla concentration of the three monitoring points. And the TN/TP 
ratio near the warm-water discharging spot was much higher than at the other monitoring points. On the other hand, 
the water temperature near the warm-water discharging spot was nearly 5 ℃ higher than that near the reservoir center. 
Research showed that the water temperature range of Douhe Reservoir in spring was 18.1℃ ~ 28.2℃, close to the 
water temperature range in early summer of other bodies of water in North China. And in summer, the water 
temperature range was 28.2℃ ~ 38.8℃, which was far above the water temperature range in midsummer of other 
bodies of water in North China [23]. This was mainly because the warm-water discharge increased the average water 
temperature of Douhe Reservoir. 
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Fig.8. TLI in monitoring points from June to October in a normal year 
The analysis results of the eutrophication level from June to October in a normal year showed that, in spatial scales, 
the water area near water intake 1 had the highest eutrophication extent due to higher concentration of nutrients, while 
the water area near the warm-water discharging spot had the lowest eutrophication extent due to algal growth being 
limited by high water temperature. This indicates that the body of water near water intake 1 has the biggest risk of 
algal bloom outbreak of the three water areas. 
In time scales: in June, the eutrophication levels at the three monitoring points were all mesotropher, but after July, 
the eutrophication level in water intake 1 had become light eutropher, while the eutrophication level in the warm-water 
discharging spot was always mesotropher. TLI at water intake 1 and the reservoir center both showed a trend that first 
increased and then decreased, the turning point being September, mainly because of a decrease in algal quantity in 
October. The main influencing factor for this phenomenon was that the water in these two areas was getting cold in 
October and the rate of algal growth was slowing. Still, the TLI over the five months did not change much. On the 
other hand, the TLI in the warm-water discharging spot rose from June to October, and Chla concentration also saw 
the same trend, mainly because the water temperature gradually decreased to the optimal range for algal growth from 
June to October. 
By comparing the TLI of Douhe Reservoir with the TLI of Yuqiao Reservoir, which is not far from Douhe 
Reservoir and has no power plant, it can be seen that from June to August that the TLI of each monitoring point in 
Douhe Reservoir was much higher than the TLI of Yuqiao Reservoir. And in September and October, the TLI of 
Yuqiao Reservoir was close to the TLI of the warm-water discharging spot at the Douhe Reservoir. This indicates that 
the eutrophication status of Douhe Reservoir is serious due to high water temperature and nutrient concentration. 
For a single water quality indicator, the water area near the warm-water discharging spot had higher TN 
concentration, water temperature (T), and TN/TP ratio, but a lower TP concentration than at other monitoring points. 
The water area near water intake 1 had the highest Chla concentration. 
There might be two reasons for the lowest TLI in the warm-water discharging spot: 
One reason is that TN concentration was higher than the reservoir background value, while TP concentration was 
below reservoir background value. Redfield law says that the ratio of atoms which compose algal cells is C: N: P = 
106:16:1; if the TN/TP ratio is higher than 16:1, phosphorus should be considered the restrictive factor. Conversely, 
when the ratio is less than 10:1, nitrogen should usually be considered the restrictive factor. This law suits 
phytoplankton in marine and freshwater lakes. But when the phosphorus source is plentiful, a suitable TN/TP ratio for 
algal growth is 40:1. The ratio near the warm-water discharging spot was found to be much higher than the suitable 
ratio, so algal growth was limited. 
The second reason for the lowest TLI in the warm-water discharging spot may be that the water temperature in the 
warm-water discharging spot was 4 ~ 5℃ higher than at other monitoring points. The optimal water temperature range 
for algal growth is 25℃ ~ 31℃, but the water temperature near the warm-water discharging spot was higher than the 
optimal water temperature range, so the high water temperature limited the algal growth. As can be seen, a rise in 
water temperature could promote to some degree algal growth and reproduction, but a high temperature would limit 
algal growth. 
4.2 Eutrophication levels in different scenarios 
 
1985M.J. Xu et al. / Procedia Environmental Sciences 13 (2012) 1975 – 1988 M.J. Xu et al./ Procedia Environmental Sciences 8 (2011) 2001–2014 2011 
 
Tab.6. TLI at monitoring points from June to October in different scenarios 
Scenario Monitoring point June July August September October 
Scenario 1 
water intake 1 52.05 52.42 52.54 52.66 52.55 
reservoir center 51.30 51.84 52.17 52.32 52.10 
warm-water discharging 
spot 49.42 50.09 50.49 50.98 51.11 
Scenario 2 
water intake 1 51.09 51.53 51.70 51.75 51.60 
reservoir center 50.81 51.28 51.52 51.59 51.48 
warm-water discharging 
spot 48.94 49.67 49.91 50.52 50.82 
Scenario 3 
water intake 1 56.98 57.11 57.32 57.94 57.57 
reservoir center 56.72 57.00 57.16 57.54 57.17 
warm-water discharging 
spot 54.34 54.50 54.44 54.84 55.32 
 
Judging from the different scenarios (Tab.6 and Fig.9), the TLI at the three monitoring points of Scenario 1 and 
Scenario 2 did not increase much as compared with the TLI in the normal year. In Scenario 3, the TLI increased 
dramatically as compared with the TLI in a normal year: the TLI was over 55 in water intake 1 and the reservoir center 
in different months. Predictably, only a change in outside temperature or reservoir storage capacity had little impact on 
the eutrophication trend, whereas an increase in the exogenous load would rapidly escalate eutrophication in Douhe 
Reservoir. 
 
 
 
 
 
 
 
 
 
Note:                represents the TLI value at the water intake 1,                  represents the TLI value in the reservoir center,         represents the 
TLI value at the warm-water discharging spot. 
Fig.9. TLI in different scenarios 
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In spatial scales, the regularity for the eutrophication level at each monitoring point in the different scenarios was in 
accord with that for the normal year. In time scales, the regularity for the trend of eutrophication level in Scenario 1, 
Scenario 2, and Scenario 3 was in accord with that for the normal year. 
For a single water quality indicator, the change rate between water quality indicator concentrations in the different 
scenarios and the corresponding concentration in the normal year was used for the comparative analysis. 
The change rate is given by: 
 
0
0
iC CR
C

                                                                                                                                                   (12) 
Where R is change rate, Ci is water quality indicator concentration in each scenario, and C0 is the corresponding 
concentration in the normal year. 
Calculated results showed that the change rate in different months for the same scenario and monitoring points did 
not vary much, so the average change rate for different months was used for the convenience of analysis. Figure 10 
shows the analysis results for the three water quality indicators. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note:      represents the average change rate at water intake 1,      represents the average change rate in the reservoir center,      represents the 
average change rate at the warm-water discharging spot. 
Fig.10. Average change rate in different scenarios 
For Chla, the average change rate at the three monitoring points in Scenario 1 and Scenario 2 basically had a similar 
added value, but in Scenario 3 the average change rate at the warm-water discharging spot was far less than at the other 
two monitoring points. On the other hand, the average change rate at the warm-water discharging spot in the three 
scenarios remained relative stable, indicating that the Chla concentration near the warm-water discharging spot was 
most influenced by the warm-water discharge: the water near the warm-water discharging spot had excess high water 
temperature and flow velocity, which is not suitable for algal growth, as compared with the other two areas. 
For TN, the average change rate in Scenario 2 was close to zero, while the average change rate in the other two 
scenarios increased a lot, indicating that the increase in air temperature had little effect on an increase in TN 
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concentration, possibly because the high temperature sped up algal metabolism and reproduction, which may consume 
more nitrogen. The cause may be the same cause for the average change rate of TP in Scenario 2. 
5. Conclusion 
This research used the MIKE21 model to construct a two-dimensional eutrophication model of Douhe Reservoir. 
Focusing on situations in which such variables as air temperature, transferred water volume, or exogenous pollutant 
load in the study areas might reach extreme values, this research put forth four scenarios and analyzed the 
eutrophication status in the different scenarios. 
The main research conclusions are as follows: 
(1) The warm-water emission from the power plant is the main reason for water temperature rise in Douhe 
Reservoir. Warm-water discharge results in long-term, continuous heat, whose effect on eutrophication is not 
negligible. 
(2) The results of an analysis of eutrophication levels from June to October in a normal year show that the area near 
water intake 1 has the highest extent of eutrophication, which indicates that, of the three monitored water areas, the 
body of water near water intake 1 has the biggest risk of an algal bloom outbreak. 
(3) The analysis results of the four scenarios indicate that only a change in outside temperature or reservoir storage 
capacity have little impact on a eutrophication trend, whereas an increase in the exogenous load would rapidly escalate 
eutrophication in Douhe Reservoir. 
(4) A rise in water temperature can to some degree promote algal growth and reproduction, but a high water 
temperature would limit algal growth. Similarly, there is an optimum TN/TP ratio range for algal growth. These two 
factors lead to a lower Chla concentration in the body of water near the warm-water discharging spot than at the other 
two monitoring areas. 
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